Abstract: Stakeholders strongly influence project success, particularly for complex projects with heterogeneous stakeholders, and hence, understanding their influence is essential for project management and implementation. This paper proposes an original model based on social network analysis (SNA), which first introduces critical success factors (CSFs) as intermediate variables between stakeholders and project success. The model can demonstrate the interrelation between stakeholders and CSFs, and the results can reveal how stakeholders influence project success. Green retrofit is a typical type of complex project. The stakeholder relationship in green retrofit projects is more complex than in new projects, since more stakeholders (e.g., tenants and facility managers) who have particular interrelations (e.g., lease contract and split incentives between owners and tenants) are involved. Therefore, a case study of green retrofit in China was conducted to illustrate how the proposed model works. The results indicated the priorities and similarities of stakeholders in green retrofit. Stakeholders are categorized into five clusters according to their relationship. Based on the results, the important role of stakeholders in green retrofit projects was discussed. The main contribution of this study is providing a novel method to reveal how stakeholders influence the success of complex projects.
Introduction
Stakeholder management largely accounts for the success of projects, particularly that of complex projects [1] . Stakeholders can be defined as an individual or a group of individuals, who are influenced by or able to influence a project [2] . The strong cooperation of stakeholders is necessary for project success, since a project can be considered a temporary organization of stakeholders pursuing an aim together [3] . McElroy and Mills [1] indicated that the purpose of stakeholder management is to achieve project success through the continuing development of their interrelationships. Therefore, identifying how stakeholders influence project success is an important and fundamental issue of stakeholder management.
Most previous studies analyzed the priorities of stakeholders through questionnaires and surveys, which prioritizes stakeholder influence directly, shown in the left part of Figure 1 . This is appropriate in projects with relatively simple stakeholder relationships. However, most projects have non-linear, complex, and interactive stakeholder relationships. The methods used in previous studies cannot The relationship between CSFs and stakeholders can be modeled as a network between two groups (CSFs and stakeholders), which is a typical two-mode network or bipartite graph problem [5, 9] . Therefore, this study analyzes the relationship between stakeholders and CSFs based on a two-mode network. The two-mode network is a particular type of social network analysis (SNA), which is considered an effective method for understanding the stakeholder relationship [10] [11] [12] , especially in identifying the underlying relationship structure [13, 14] . The two-mode network can model relationships between two different sets in a bipartite graph, which is different from the conventional one-mode network analysis. Many large, real-world networks can be modeled naturally using two-mode networks [15] [16] [17] . Through two-mode network analysis, similarity among stakeholders according to their relationship with CSFs can be identified. The similarity degree is normalized at intervals from 0 to 1. A high value demonstrates that the two stakeholders have a similar relationship with CSFs. An extreme example is that the two stakeholders obtain exactly the same points in each of the CSFs, which means the two stakeholders have the same relationship with the CSFs. Similar stakeholders should have similar objectives, benefits, and risks. Understanding this relationship can help improve the efficiency of stakeholder management.
This study selected green retrofit in China as a case study to illustrate how the proposed model works. "Green retrofit", which can be defined as the innovation of the fabric and systems of a building with the primary intention of improving energy efficiency, is considered to be an To bridge these research gaps, this study proposes an original model that analyzes stakeholder influence on the success of projects. The main contribution of this model is the introduction of critical success factors (CSFs) [6] as intermediate variables. Namely, the influence path is "stakeholders-CSFs-project success", in which CSFs are variables between stakeholders and project success, and as such, they were referred to as intermediate variables. Compared to the models in previous studies (shown in Figure 1 on the left side), the proposed model breaks down the problem into two levels through CSFs (shown in Figure 1 on the right side): the lower level illustrates how stakeholders influence CSFs, and the upper level illustrates how CSFs influence the success of projects. Since the relationship between project success and CSFs (the upper level) has been revealed in numerous previous studies [7, 8] , this study focuses on the lower level, represented by the shaded area in Figure 1 . Then, by combining the lower and upper levels, the influence paths of stakeholders on project success can be revealed.
The relationship between CSFs and stakeholders can be modeled as a network between two groups (CSFs and stakeholders), which is a typical two-mode network or bipartite graph problem [5, 9] . Therefore, this study analyzes the relationship between stakeholders and CSFs based on a two-mode network. The two-mode network is a particular type of social network analysis (SNA), which is considered an effective method for understanding the stakeholder relationship [10] [11] [12] , especially in identifying the underlying relationship structure [13, 14] . The two-mode network can model relationships between two different sets in a bipartite graph, which is different from the conventional one-mode network analysis. Many large, real-world networks can be modeled naturally using two-mode networks [15] [16] [17] . Through two-mode network analysis, similarity among stakeholders according to their relationship with CSFs can be identified. The similarity degree is normalized at intervals from 0 to 1. A high value demonstrates that the two stakeholders have a similar relationship with CSFs. An extreme example is that the two stakeholders obtain exactly the same points in each of the CSFs, which means the two stakeholders have the same relationship with the CSFs. Similar stakeholders should have similar objectives, benefits, and risks. Understanding this relationship can help improve the efficiency of stakeholder management.
This study selected green retrofit in China as a case study to illustrate how the proposed model works. "Green retrofit", which can be defined as the innovation of the fabric and systems of a building with the primary intention of improving energy efficiency, is considered to be an important approach for energy conservation. Although green retrofit has been promoted by governments in numerous countries, it still faces various difficulties [18] . A main issue is that stakeholder management in green retrofit projects is more complex [19] . First, more stakeholders (e.g., tenants and facility managers) are involved in green retrofit projects compared to new projects. In addition, the interrelations among stakeholders are also more complex, including different occupancy types, property rights, and lease contracts. Therefore, it is critical to apply novel methods to comprehensively understand the relationships between stakeholders and their influence on the success of these projects.
The aim of this study is to propose a two-mode network model to analyze the relationship between stakeholders and CSFs, as well as stakeholders' influence on project success. The objectives of this study are as follows:
(1) Analyze the relationship between stakeholders and CSFs using the proposed two-mode network model. (2) Discuss the methods of the two-mode network and adopt an appropriate method to reveal the relationship among stakeholders based on CSFs, including closeness, priorities, and clusters. (3) Use a case study of green retrofit in China to illustrate how the proposed model works in a stepwise manner, and indicate problems and suggestions based on this case study.
The rest of the paper is organized as follows. Section 2 critically reviews the literature on SNA. Section 3 introduces the two-mode network model and the methods of the proposed model. Section 4 illustrates how the proposed model works through a case study of green retrofit in China. The results of the case study are comprehensively discussed in this section. Section 5 concludes the study and presents suggestions for future research.
Social Network Analysis (SNA)
The concept of SNA developed from social network theory, which is an interdisciplinary endeavor derived from sociology and anthropology [20] , and incorporates mathematical, statistical, and informational methodologies [21] . A "Social network" could be defined as "a specific set of linkages among a defined set of persons, with the additional property that the characteristics of these linkages as a whole may be used to interpret the social behavior of the persons involved" [20] . Furthermore, the social network focuses on the links that tie each individual to other individuals. That is, the classical one-mode social network refers to the set of actors and the links between them, which are the two essential elements in a social network [21] .
SNA has been widely used in stakeholder analysis, in which the nodes in the network are defined as stakeholders and the links as the relationships between them. SNA in stakeholder analysis can provide the relationship structures of stakeholders, which is illustrated by a graph of the network. More information could be represented in the graph: for example, the shape of nodes represents the type of stakeholders, and the width of links represents the tightness of relationships. Furthermore, some methods based on graph theory can be applied to facilitate SNA in stakeholder analysis.
Previous studies have applied SNA in stakeholder analysis to identify stakeholders, map their interrelationships, and analyze their priorities, influence, clusters, and other attributes [10, 22, 23] . Prell, Hubacek and Reed [23] applied SNA to natural resource stakeholder analysis and identified that stakeholders played more central roles in the network of nature resource management. Yang [21] identified the priority of stakeholders through SNA for a regional renewal project in Australia. Yang and Zou [24] first integrated stakeholder and risk analysis by SNA, which is called stakeholder-associated risks analysis. They proposed an SNA-based model to identify and analyze the interrelationships between stakeholders and risks in complex green building projects. However, most previous studies used a one-mode network to investigate the relationship between stakeholders, rather than the relationship between stakeholders and some essential factors in project management (e.g., CSFs). Therefore, in this study, a two-mode network model is proposed to analyze the interaction relationship between stakeholders and CSFs.
The Two-Mode Network Model
A two-mode network is beneficial when modeling the relationship between two groups [5] . Some two-mode network-based models have been proposed that analyze the relationship between individuals and their associated attributes, such as board members and the companies they lead [25] . A major difference from the classical one-mode network is that the two-mode network's nodes are in two disjointed sets, and the links are between the nodes of both sets [26] . That is, two nodes in the same set should not be linked.
A two-mode network can be represented as a triplet G = ( , , E), where is the set of top nodes, is the set of bottom nodes, and E ∈ × is the set of links [9] . Figure 2 shows an example of one-mode versus two-mode networks. The nodes 1 to 3 in the two-mode network are the top nodes and the nodes A to E are the bottom nodes. There is no link between top nodes or between bottom nodes. 
A two-mode network can be represented as a triplet G = (▽, △, E), where ▽ is the set of top nodes, △ is the set of bottom nodes, and E ∈ ▽ ×△ is the set of links [9] . Figure 2 shows an example of one-mode versus two-mode networks. The nodes 1 to 3 in the two-mode network are the top nodes and the nodes A to E are the bottom nodes. There is no link between top nodes or between bottom nodes. 
Analytical Approaches Used for Two-Mode Networks
There have been two typical approaches for two-mode networks. Borgatti and Halgin [27] referred to these as the "conversion" approach and the "direct" approach. The direct approach analyzes the two-mode network directly, with the two modes analyzed jointly. In this approach, both modes are taken account of in an integrated way [5] . For example, an "m by n" two-mode network will be considered as an "(m + n) by (m + n)" matrix, which loses the rigor and generality of a two-mode network structure [27] . The conversion approach converts a two-mode network into a one-mode network, so that it can be analyzed by methods defined for classical one-mode networks. The direct method attracted attention in recent years, and some specific methods for two-mode networks have been proposed, but these often lack rigor and generality, making the relevance of the results difficult to evaluate [9] . Therefore, more studies on two-mode networks have used the conversion method. Some scholars assumed that the latter method significantly causes information loss, because information of the bipartite structure may disappear after transformation [9] . However, Everett and Borgatti [5] argued that the conversion method can retain the information needed to reconstruct the original two-mode matrix in most empirical cases. This study also indicated the projection methods are generally safe to use and often have conceptual advantages over direct 
There have been two typical approaches for two-mode networks. Borgatti and Halgin [27] referred to these as the "conversion" approach and the "direct" approach. The direct approach analyzes the two-mode network directly, with the two modes analyzed jointly. In this approach, both modes are taken account of in an integrated way [5] . For example, an "m by n" two-mode network will be considered as an "(m + n) by (m + n)" matrix, which loses the rigor and generality of a two-mode network structure [27] . The conversion approach converts a two-mode network into a one-mode network, so that it can be analyzed by methods defined for classical one-mode networks. The direct method attracted attention in recent years, and some specific methods for two-mode networks have been proposed, but these often lack rigor and generality, making the relevance of the results difficult to evaluate [9] . Therefore, more studies on two-mode networks have used the conversion method. Some scholars assumed that the latter method significantly causes information loss, because information of the bipartite structure may disappear after transformation [9] . However, Everett and Borgatti [5] argued that the conversion method can retain the information needed to reconstruct the original two-mode matrix in most empirical cases. This study also indicated the projection methods are generally safe to use and often have conceptual advantages over direct methods. Table 1 shows the categories of methods for two-mode networks. Table 1 . Categories of methods for two-mode networks.
Methods for Two-Mode Network Advantages Disadvantages
Direct method Some specific methods (e.g., bipartite statistics )
(1) Directly handle two-mode network; (2) No information loss.
(1) Lack of rigor and generality; (2) Difficult to evaluate the results.
Conversion methods Projection
(1) Can use methods for one-mode network; (2) Easy to evaluate and compare the results.
(1) May lose information of the bipartite structure.
Projection is used to project a two-mode network to a one-mode network, which includes two types of projection: "top projection" and "bottom projection." The top projection links two nodes in together, when they are linked to a common neighbor in . It can be represented by G = ( , E ), where the value of E could be defined as the number of common neighbors in multiplied by the weighted value of links in E. The process of bottom projection is the same as that used in top projection. Several previous studies used projection to convert and analyze two-mode networks [5, 9, 15] . For example, an actor-movie network was projected to a one-mode network of actors, where two actors were linked if they played in the same movie [15] .
We can apply the projection approach for analyzing how stakeholders influence CSFs, so that a stakeholder-CSF two-mode network can be projected to a one-mode network of stakeholders. The tightness of relationships between stakeholders with regard to CSFs can be illustrated by this top projection in Figure 3 , based on which stakeholders' influence on CSFs and project success can be identified. An illustration of the projection for stakeholder-CSF analysis is shown in Table 2 and Figure 3 . Table 2 shows an example of a stakeholder-CSF relationship matrix, where stakeholders are coded with S# and CSFs are coded with C*, where # represents the identity of each stakeholder and * represents the identity of each CSF. A value of one at the cross points of S# and C* in the matrix indicates that they are linked and zero indicates that they are not. The matrix of three stakeholders and five CSFs in Table 2 can be visualized to the network on the left side of Figure 3 . In addition, the relationship of stakeholders through CSFs can be built using the top projection, shown on the right side of Figure 3 . 
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We can apply the projection approach for analyzing how stakeholders influence CSFs, so that a stakeholder-CSF two-mode network can be projected to a one-mode network of stakeholders. The tightness of relationships between stakeholders with regard to CSFs can be illustrated by this top projection in Figure 3 , based on which stakeholders' influence on CSFs and project success can be identified. An illustration of the projection for stakeholder-CSF analysis is shown in Table 2 and Figure 3 . Table 2 shows an example of a stakeholder-CSF relationship matrix, where stakeholders are coded with S# and CSFs are coded with C*, where # represents the identity of each stakeholder and * represents the identity of each CSF. A value of one at the cross points of S# and C* in the matrix indicates that they are linked and zero indicates that they are not. The matrix of three stakeholders and five CSFs in Table 2 can be visualized to the network on the left side of Figure 3 . In addition, the relationship of stakeholders through CSFs can be built using the top projection, shown on the right side of Figure 3 . Table 2 . An example of a matrix in "two-mode to one-mode projection". Table 2 . An example of a matrix in "two-mode to one-mode projection".
C1 C2 C3 C4
C5 S1 1 1 1 0 0 S2 0 1 1 1 0 S3 0 0 1 0 1C1 C2 C3 C4 C5 S1 1 1 1 0 0 S2 0 1 1 1 0 S3 0 0 1 0 1
Processes of Two-Mode Network Models
Yang [21] summarized the process of conducting an SNA in five main steps: (1) identifying the boundary of the network; (2) assessing meaningful and actionable relationships; (3) visualizing the network; (4) analyzing the network data; and (5) presenting the results of the analysis. Derived from previous studies [24, 28] , the process of the proposed two-mode network model is shown in Figure 4 . 
Step 1: Identifying the Nodes of Network
The aim of this step is to identify all the nodes, namely, the boundary of the network. For a two-mode network model, two lists of top and bottom nodes need to be developed. There are several approaches to facilitate this step, mainly in two categories: using the literature review and experience-based methods.
Data captured from the literature can define the scope of nodes according to related studies, surveys, and reports. Since different studies may focus on different areas and use different methods, the previous individual results may not be sufficient for the present study. A more comprehensive list of nodes can be obtained by combining the results of previous studies. The main advantage of this method is that it is an efficient way to identify possible existing factors. Furthermore, this method can provide reliable references for identified factors and analysis of the development trend. However, it can only summarize previous results, rather than explore or find undefined and new factors. Hence, it is necessary to identify new factors from current practice using the experience-based method.
The experience-based method is a suitable supplement to the literature review. Focus groups, semi-structured interviews, workshops, and surveys are common approaches of this method. Usually, experts involved in related subjects are invited to attend meetings to provide suggestions based on their experiences [6, 24] . The disadvantage is that it is difficult to compile a complete list of nodes from several workshops with a limited number of experts, or owing to limitations with respect to the experts' range of experience. However, when seeking new factors in theory-building, a 
The experience-based method is a suitable supplement to the literature review. Focus groups, semi-structured interviews, workshops, and surveys are common approaches of this method. Usually,
experts involved in related subjects are invited to attend meetings to provide suggestions based on their experiences [6, 24] . The disadvantage is that it is difficult to compile a complete list of nodes from several workshops with a limited number of experts, or owing to limitations with respect to the experts' range of experience. However, when seeking new factors in theory-building, a grounded theory approach can be adopted [29] . Current good practices for use of this approach recommend that conducting interviews for new factors should proceed until no new factors emerge from successive interviews [30] .
Step 2: Evaluating the Links of a Network
A network comprises of nodes and links, where the nodes are identified in Step 1 and the links are assessed in Step 2. Links in the network represent the relationships between nodes. These relationships can be defined in different ways, such as collaboration, information sharing potential, rigidity, and supportiveness in a network [21] . Prell, Hubacek and Reed [23] indicated that relationships involving communication, decision making, and influence are most frequently analyzed in practice. According to different types of relationships, the value of links can be defined using different meanings, for example, the tightness of collaboration, degree of influence, and power in decision making. The link value is high when the nodes have strong interactions with each other, and vice versa. This step can be developed in parallel with Step 1, using both the literature review and experience-based approaches. To minimize bias from dominant participants in the workshops, the Delphi method can be adopted to improve results. Ideally, all the stakeholders identified in Step 1 should be involved in this step to achieve a consensus, but in reality, only some of the key stakeholders are engaged because of practical difficulties [24] . A typical example of an evaluation matrix of a two-mode network model is shown in Table 2 .
Step 3: Visualizing and Projecting
Based on the nodes and links identified in Steps 1 and 2, respectively, the matrix can be visualized to a network figure. In the present study, a two-mode network is proposed to represent the relationships between two sets of nodes, which is different from the conventional one-mode network. The two-mode network can be visualized by various SNA software packages, including UCINET, NetMiner, NetDraw, and Pajek [24] . Then, the two-mode network can be converted to one-mode by projection. According to the specific issue, both top and bottom projections can be applied individually or synthetically.
Step 4: Analyzing the Network
Based on the network after visualization and projection, quantitative analysis is adopted to mine information about the structure of the network, which is important for network analysis [31] . Yang [21] classified network analysis methods into network measures (e.g., density and cohesion) and individual measures (e.g., centrality and brokerage). The concept of centrality, developed by Freeman [32] , is a prominent criterion for assessing the importance of nodes. Nodes need to be emphasized and assigned a high priority in the network, when they have a higher centrality value. Three kinds of centrality are widely used in network analysis, namely degree, betweenness, and eigenvector centrality [12, 16, 24, 33] . Degree centrality is defined as the link that a node shares directly with other nodes. It is commonly used for assessing the structural importance of nodes because it focuses on the local structure in which a particular node is embedded [12] . Betweenness centrality is the number of times a node is on the path between two non-interlinked nodes, and is commonly used for assessing the power of nodes [32] . It refers to the argument that a node links with other nodes that were not directly linked previously [12] . Eigenvector centrality is a more sophisticated method proposed by Peter Gould [33] . While the other two methods hypothesize that all the nodes are equal, the eigenvector centrality considers nodes to have differing amounts of power. The more powerful neighbors contribute more to node centrality. All these methods have their respective advantages and disadvantages [23] , so they are used as comparisons in this study.
In addition to the aforementioned network analysis methods, statistical methods are likewise important in quantitative analysis. Cluster analysis is used to categorize the nodes into several groups according to their similarities. Clusters in a classical one-mode network indicate similarity and aggregation among nodes through their own attributes. In contrast, correlation coefficients and clusters in a two-mode network indicate similarity and aggregation among nodes in one set through the relationship with nodes in another set. Therefore, the two-mode network model considers the two sets of nodes synthetically rather than independently. In the present study, stakeholders and CSFs are analyzed together using a two-mode network model to show the interrelationship between them. The clusters of nodes can help understand the underlying relationship between nodes and improve categorization and management in projects.
Step 5: Discussing Results and Providing Suggestions
The results of the network analysis in the previous steps are discussed and summarized in this step. Suggestions are provided on the basis of the findings, mainly about the stakeholder prioritization, relationship among stakeholders, stakeholders' influence on success, and policies to improve stakeholder management.
An Illustrative Case Study: Experience from the Green Retrofit in China
To illustrate to the process of analyzing stakeholders' influence with the proposed two-mode network model, green retrofit in China was selected as the case study. Green retrofit has attracted considerable attention in recent years [34, 35] . In China, 95% of the existing buildings have both high energy consumption and high carbon emissions, and the Chinese government has made great efforts to promote green retrofit for such existing buildings [35] . The Chinese 12th Five-Year Plan stipulated that 400 million m 2 residential buildings and 60 million m 2 public buildings are planned to be retrofitted as pilot projects between 2011 and 2015 to improve building energy efficiency.
Although green retrofit in China has been developing quickly in recent years, it faces various difficulties and barriers. For example, stakeholders do not have initiatives to undertake green retrofit, the risks are very high during implementation, and the energy saving after retrofit does not reach the expected target [18, 36] . Previous studies indicated stakeholders are a main impact factor on the success of green retrofit projects [37] [38] [39] [40] [41] , however, few studies have focused on how the stakeholders influence the success of projects. Therefore, this study will apply the proposed model to build the relationship between stakeholders and CSFs, then analyze stakeholders' influence on project success. The aforementioned processes are followed in a stepwise manner as follows.
Building the Network
The present study uses both literature review and experience-based methods to identify stakeholders and CSFs of green retrofit. First, the lists of stakeholders and CSFs were identified from the literature [7, [38] [39] [40] [41] [42] [43] [44] [45] [46] , and then a series of in-depth interviews were conducted to confirm, refine, and categorize these lists, shown in Tables 3 and 4 . In the case study, five semi-structured interviews were conducted with 16 experts, all with experience in green retrofit projects. To enhance the reliability of the results, these interviews were conducted from the North to the South of China, including Beijing, Shenzhen, Guangzhou, and Hong Kong. The interviews lasted from 30 min to two hours. The details of the interviews are shown in Table 5 .
The interviews investigated the issues around CSFs in green retrofit projects, stakeholders' relationships to project success, and the categorization of CSFs and stakeholders. Thirteen stakeholders were identified, which are coded from S1 to S13, shown in Table 4 . Twenty-eight CSFs were identified in five categories (i.e., economics, building information and environment, sociocultural, technology, policy, and standard). CSFs were coded from CSF1 to CSF28, shown in Table 5 . It should be noted that this study only focuses on green-related CSFs and stakeholders. Clear criteria and standards [7, 42, 51, 53] Based on the lists of stakeholders and CSFs identified in Step 1, the relationship between them was evaluated through a 13-by-28 matrix with 364 interactions assessed. The workshop was conducted in Beijing in 2014 and lasted three hours. First, the Delphi method was used to collect independent evaluations from the professionals, which took about an hour. Next, an open discussion was conducted to reach a consensus of their evaluation. The evaluation used a five-point Likert scale, where 4 is "Extremely strong influence", 3 is "Strong influence", 2 is "Influence", 1 is "Very small influence", and 0 is "No influence". Through this workshop, an evaluation matrix of relationships between 28 CSFs and 13 stakeholders was developed. Based on the nodes identified in Step 1 and the links evaluated in Step 2, the two-mode network of stakeholders and CSFs was established. In this stakeholder-CSF scenario, in the two-mode network refers to the group of stakeholders, refers to the group of CSFs, and E refers to the tightness of the relationship between stakeholders and CSFs. The stakeholder-CSF network is shown in Figure 5 This study uses a top projection to convert the two-mode network to a one-mode network, that is, the network of stakeholders shown in Figure 6 . In the top projected network, the nodes comprise thirteen stakeholders and the links show the relationships between them. A novel method of color-coding is used, which is different from the previous network analysis of stakeholders, such that the links in the projected network indicate the tightness of their relationship to the CSFs. The color ranges from red to violet to indicate the degree of relationship. The colors of the links that are nearer to red are higher in degree, which means the linked stakeholders have a tighter relationship and stronger influence on each other with respect to project success. Conversely, the colors nearer to blue/violet are low in degree, which means the linked stakeholders have a comparatively less tight relationship and weaker influence on each other.
The results in Table 6 indicate the similarity between stakeholders according to their relationship with the CSFs. The similarity degree is normalized to an interval from 0 to 1. That is to say, the larger the values, the more similar the stakeholders. Table 6 . Similarity degree among stakeholders related to the CSFs. S1  S2  S3  S4  S5  S6  S7  S8 S9 S10 S11 S12 S13 S1 1 0.9 1 0.9 0.9 0.9 0.9 0.9 0.8 0.9 0.6 0. tightness of the relationship between stakeholders and CSFs. The stakeholder-CSF network is shown in Figure 5 . This study uses a top projection to convert the two-mode network to a one-mode network, that is, the network of stakeholders shown in Figure 6 . In the top projected network, the nodes comprise 
Stakeholders
The results in Table 6 indicate the similarity between stakeholders according to their relationship with the CSFs. The similarity degree is normalized to an interval from 0 to 1. That is to say, the larger the values, the more similar the stakeholders. Stakeholders S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S1 1 0.9 1 0.9 0.9 0.9 0.9 0.9 0.8 0.9 0.6 0. 
Analyzing the Network
The prioritization of stakeholders can be represented by centrality, as discussed earlier. The three kinds of centralities, as previously defined, are applied to analyze the importance of CSFs. The priority rankings of stakeholders based on these three types of centrality are shown in Table 7 and Figure 7 . Cluster analysis is adopted to categorize stakeholders according to their similarity. The tree diagram developed by Ward's method [60] is shown in Figure 8 . The horizontal axis represents the distance of similarity, which indicates the similarity of stakeholders. The smaller the value of distance, the more similar the stakeholders. The vertical axis represents the stakeholders, which are rearranged according to cluster. Five clusters are highlighted in Figure 8 , which are cluster one (owner/client, property manager, occupier/user), cluster two (supplier, contractor, sub-contractor), cluster three (government, energy service company, designer, research institution), cluster four (financial institution/ bank), and cluster five (industry association, NGO/community).
Designer Cluster analysis is adopted to categorize stakeholders according to their similarity. The tree diagram developed by Ward's method [60] is shown in Figure 8 . The horizontal axis represents the distance of similarity, which indicates the similarity of stakeholders. The smaller the value of distance, the more similar the stakeholders. The vertical axis represents the stakeholders, which are rearranged according to cluster. Five clusters are highlighted in Figure 8 , which are cluster one (owner/client, property manager, occupier/user), cluster two (supplier, contractor, sub-contractor), cluster three (government, energy service company, designer, research institution), cluster four (financial institution/ bank), and cluster five (industry association, NGO/community). 
Discussion
The structure of the two-mode network shown in Figure 5 illustrates the interrelation between stakeholders and CSFs. The linked stakeholders and CSFs are related to each other and the value of the link represents the strength of influence. For example, the property manager is related to all the 
The structure of the two-mode network shown in Figure 5 illustrates the interrelation between stakeholders and CSFs. The linked stakeholders and CSFs are related to each other and the value of the link represents the strength of influence. For example, the property manager is related to all the CSFs and has the strongest influence on "interruptions in operations", since the score of the link between them is the highest. By contrast, NGO/community only links to six CSFs with a low value of "1", which implies a very small influence on these six CSFs and no influence on the other CSFs. Therefore, in green retrofit projects, the structure of this two-mode network can help build an understanding of the influence strength of each stakeholder on every CSF. For stakeholder analysis, stakeholders can be compared to show the differences of their influence on different CSFs. From the CSF perspective, if there is an issue with a specific CSF, the most-related stakeholder that influences this CSF can be selected and be responsible for this issue, which improves the efficiency of project management.
Relationships between stakeholders, shown in Figure 6 , indicate the closeness of their relationship with the success of projects. The value of links is normalized in [1, 0] , where "1" represents the closest relationship and "0" represents no relationship. The higher the link value, the closer the two stakeholders' relationship with the CSFs. For example, the value of the link between the owner/client and property manager is "1", which implies that they have a similar influence on project success. However, owner/client (S1) has a significantly different influence on project success than NGO (S12), since the value of the link between them is only 0.5. Stakeholders in close relationships have similar issues, interests, barriers, risks, and influences on success. Therefore, this indicator can improve requirements analysis, risk assessment, and troubleshooting in project management.
The results of prioritization by degree and betweenness centrality methods are the same, and slightly different from the result from the eigenvector centrality method in numbers seven and eight. It indicates that the prioritization is unified and reliable since it is verified by different methods. Owner/client, property manager, designer, and government are the first four important stakeholders, who obtain the same score in the degree and betweenness centrality methods. Research institutions, industry associations, and NGO/community are the last three stakeholders, who were neither participants in the green retrofit projects, nor had a direct economic relationship. Specifically, the values of the last two stakeholders are significantly below that of the others, which indicates that they are in only a peripheral position within the stakeholder circle [21] .
Stakeholder categorization is implemented by clustering methods, shown in Figure 8 . According to the clustering analysis, stakeholders can be categorized into five clusters, shown in Table 8 . Cluster 1 involves owner/clients, property managers, and occupier/users, who are stakeholders of end-use. They have a direct interaction with the retrofitted building. An owner/client owns the building and gets benefit from it. Occupier/users living in the building are directly affected by the environment of the building. The property manager manages the operation of the building. All of them are most familiar with the building condition, and will be affected most strongly by retrofitting. Therefore, they are the core stakeholders in decision making, especially in deciding whether to retrofit at the beginning stage.
Cluster 2 involves contractors, sub-contractors, and suppliers, who are stakeholders in construction. They have direct relationships with the green retrofit projects but not with the retrofitted buildings. They play major roles in the construction phase and need close cooperation with each other.
Cluster 3 involves government, energy service companies, designers, and research institutions, who are stakeholders of consulting and service. They are not participants in construction, but provide technical support and solve some special issues.
Cluster 4 involves financial institutions/banks, who are the stakeholders in finance. Financial institutions mainly offer financial support to green retrofit projects.
Cluster 5 involves industry associations and the NGO/community, who are stakeholders for supervision. Although they do not have a direct relationship with green retrofit projects, they can supervise whether or not the projects follow industrial standards, environmental criteria, policies, and laws.
In cluster 1, there are three stakeholders, who are the owner, property manager, and occupier. Building owners (S1) are the most important stakeholders in green retrofit projects, which has been emphasized by numerous previous studies [38, 61] . Building owners play an essential role in decision making, implementation, communication and collaboration [62] . Property managers (S3) are normally the agents of building owners. They have more professional knowledge and serve building owners. Namely, the property manager is representative of the owner's interests. Therefore, the similarity degree between them is 0.9, which is very high. In the clustering analysis, they are also categorized in the same cluster. Therefore, in green retrofit projects, building owners and property managers should be managed together, for example in meeting, organization, and communication.
The important role played by owners in green retrofit can be naturally and easily understood, whereas the role of the occupiers (S2) is often underestimated [63] . Table 6 shows owners and occupiers are very similar (the similarity degree is 0.9), and they are categorized in the same cluster through clustering analysis. However, they are only number six in the priority rank. It reveals that the occupiers are underestimated in stakeholder analysis. In fact, a main difference between green retrofit and new green building projects is that the former occupiers are occupants in the existing buildings. As the direct users of the buildings, green retrofit may influence the occupants in their operation, health, income, and rent. Conversely, occupiers' influence also makes the retrofit process more difficult and risky than projects of new buildings, as the cooperation and participation of occupiers are required in existing building retrofits [40, 42] . In addition, the actions of the occupiers are identified as major determinants in the effectiveness of energy saving [64, 65] . The occupiers can affect the energy consumption difference by up to 100% through different behaviors, such as ventilation habits, indoor temperature setting behavior, and after-hour lighting use [66] . Therefore, the occupiers are essential stakeholders in green retrofit projects, who should be paid more attention in green retrofit projects.
Conclusions
Understanding the influence of stakeholders on project success is essential in project management, particularly in projects with complex stakeholder relationships. However, previous studies focused mainly on stakeholder identification and prioritization, rather than on their influence on the success of projects. This study develops an original two-mode network model to analyze stakeholders' influence on success. CSFs are introduced as intermediate variables between stakeholders and project success. The relationship between stakeholders and CSFs could be modeled using the two-mode network. Two-mode networks are beneficial for analyzing the relationships between two groups. In this study, the relationship between the stakeholders and CSFs was modeled using a two-mode network, through which the former's influence on the latter is revealed, and the influence on success can be better understood in advance. The proposed model could be used in stakeholder management, risk analysis and critical factor control, which can improve project management in the following respects: (1) helping project managers focus on the stakeholders who influence project success more significantly; (2) facilitating resource assignment so that the limited resources can be allocated effectively and efficiently; (3) providing details of anticipated opportunities and problems for the PM at the early stages of projects so that teams have adequate time to manage them.
A case study on green retrofit in China was conducted to illustrate how the proposed two-mode network model works. Green retrofit projects are one of the most complex and risky types of projects, and hence, stakeholder analysis in a green retrofit project is important. First, stakeholders and CSFs were identified through a literature review and interviews with experts. Then the links between them were assessed using a workshop. Based on the results of the workshop, a stakeholder-CSF two-mode network was visualized to illustrate the relationship between these two groups. The two-mode network was projected to the one-mode network of stakeholders, where the closeness of stakeholders is shown in the value of the links. Prioritization was ranked using three centrality methods, and the result indicates the four most important stakeholders are owners/clients, property managers, designers, and government. Five clusters, which involve similar stakeholders, were developed. The results indicate that for retrofit projects a key stakeholder-the occupier-is surprisingly underestimated in prioritization and should receive greater focus in future research and projects. The results of this two-mode network analysis can help in the understanding of the characteristics of stakeholders and how they influence project success. When there is a problem in a project, the most related stakeholders can be quickly identified and controlled through prioritization and clustering methods. Then, the related stakeholders can be efficiently gathered to address the problem. Therefore, based on the proposed model, stakeholder management can be improved to become more effective, efficient, and accurate.
The study has two research limitations. First, the interviewees were all internal stakeholders involved in previous energy efficiency retrofit projects. External stakeholders, such as the media, were excluded. Second, since China only began to promote green retrofit in recent years, the number of experienced experts is limited. The aim of the case study is to illustrate how the proposed model is applied. In further studies, more case studies should be conducted and more stakeholders should be involved to obtain more concrete findings.
The proposed research method and analytical model can also be applied to other research areas. Aside from green retrofit projects, other projects or organizations with complex stakeholder relationships, such as mega projects and infrastructure construction projects, can be studied using the proposed model. In addition, the proposed model can also be applied to analyze the relationships between stakeholders and other factors, including stakeholder influence on delay, risk, and the quality of projects.
